Insulin increases the conversion of glucose into glyceride fatty acids in adipose tissue of the rat (Krahl, 1951; Winegrad & Renold, 1958) . This observation was initially attributed primarily to an acceleration ofthe glucose-transport step (Jeanrenaud & Renold, 1959; Crofford & Renold, 1965) . More recent investigations have revealed an additional site of action of insulin in the lipogenic pathway, independent of glucose transport, which augments pyruvate conversion into fatty acids (Jungas, 1970; Halperin, 1970) . This insulin effect appears to be related to an increased activity of pyruvate dehydrogenase (Jungas, 1970 (Jungas, , 1971 Coore et al., 1971; Weiss et al., 1971) .
To evaluate the relative importance of these two sites of insulin action, it would be advantageous to correlate intracellular pyruvate concentrations with rates of flow through pyruvate dehydrogenase (see Rolleston, 1972) . Indirect approaches utilized until now (Denton & Halperin, 1968; Hanson & Ballard, 1970; Saggerson & Greenbaum, 1970) (Krebs & Henseleit, 1932) , gassed with O2+CO2 (95:5). The concentrations of the various additions are given in the text or tables.
Procedures and methods
Incubation of epididymalfat-pads. The epididymal fat-pads were excised, rinsed and preincubated at 37°C for 30min in medium containing glucose (10mM) as described previously (Halperin, 1970 Extraction andanalysis ofmedium. The medium was carefully removed from below the silicone layer with a Pasteur pipette and transferred to a test tube containing0.2ml of 70% HC104. It was neutralized to pH 7.0 with saturated KHCO3 before assay. Pyruvate and lactate were assayed fluorimetrically (Denton & Halperin, 1968) . Plastic gloves were used to avoid contamination of samples.
Measurement of pyruvate dehydrogenase activity (EC 1.2.4.1). Paired epididymal fat-pads were preincubated for 30min. They were then weighed and incubated for 10min in buffer containing 1 munit of anti-insulin serum/ml. Insulin (lOmunits/ml) was then added to the flask containing the left fat-pad. After further incubation, the pads were immediately frozen in liquid N2, homogenized and assayed in quadruplicate for pyruvate dehydrogenase activity as described by Jungas (1971) .
Measurement of extracellular and intracellular water. Water spaces were measured as described by Denton et al. (1966) Perry & Hales (1969) and Crofford & Renold (1965) , and shows an intracellular pyruvate concentration of about 330MM.
Effects ofinsulin on the intracellular pyruvate contents
In the presence of insulin there was a 49 % increase in the intracellular pyruvate concentration after 1.5 min of incubation (Table 2) . However, after 20min the intracellular pyruvate concentrations were no longer elevated in the presence of insulin ( is incubated with glucose (Halperin, 1970; Saggerson, 1972) . Under similar incubation conditions tetramethyl-p-phenylenediamine caused an increase in the intracellular pyruvate contents (Table 2) . Alanine addition has been previously found to inhibit lipogenesis in adipocytes from normal fed rats incubated with glucose and insulin, and to decrease rates of pyruvate output (Halperin, 1972) . In the present series of experiments, intracellular pyruvate contents were significantly lower when alanine was added to the incubation medium (Table 2) .
Effect ofinsulin on pyruvate dehydrogenase activity Pyruvate dehydrogenase activity is increased when insulin is added to adipose tissue incubated in vitro (Jungas, 1970; Coore et al., 1971; Weiss et al., 1971; Taylor etal., 1973 and Table 3 ). This effect was evident Vol. 134 after 2min of incubation. and was pronounced after 5min of incubation (Table 3) .
Discussion
Any technique employed to measure the intracellular pyruvate content requires both a rapid separation of the adipose tissue from the incubation medium and a rapid arrest of tissue metabolism. The present paper describes a suitable method. The rapid separation from the incubation medium is required because, in a typical 1 h incubation, the quantity of pyruvate in the incubation medium is 15-fold higher than that in the tissue (approx. 150nmol in the medium compared with an intracellular amount of approx. 10nmol). Changes in tissue amounts would be difficult to detect because of this large extracellular quantity of pyruvate. The rapid separation of tissue from medium was achieved by centrifugation in a special system, in which the light adipose tissue, accompanied by very little extracellular fluid, floated through a silicone barrier and entered an ice-cold HC104 phase (in acetone to adjust its density to be less than that of the silicone).
Glucose deprivation during the isolation procedure seems unlikely, because the extracellular glucose accompanying the adipose tissue could sustain it for at least 5 min at maximum rates of glucose utilization (about 17nmol/min per 100mg wet wt.; Denton & Halperin, 1968) . About 50nmol of dissolved oxygen would have accompanied the adipose-tissue fragments that enter the HC104 phase, enough to sustain the oxygen consumption of 2nmol/s per 100mg wet wt. (Flatt & Ball, 1964) Ballard & Hanson (1969) and Hanson & Ballard (1970) , who reported tissue and medium pyruvate contents very similar to the values we obtained.
The rate of pyruvate output has been used in previous studies as an indicator ofchanges in intracellular pyruvate concentrations. On this basis, intracellular pyruvate contents were presumed to be raised by tetramethyl-p-phenylenediamine, and lowered by the presence of alanine in the incubation medium (Halperin, 1970 (Halperin, , 1972 . These inferences have now been confirmed by direct measurements (Table 2) . Similar analogies were drawn from the results obtained when insulin was present; the rate of pyruvate output was initially very rapid but decreased appreciably with time. This could reflect the increased intracellular pyruvate amounts present only at the earliest time-period studied (Table 2 The relative predominance of the two sites ofaction of insulin in the lipogenic pathway can now be evaluated. This is done by correlating the concentration of intracellular pyruvate with the rate of fatty acid synthesis (Rolleston, 1972) . At the 20min interval, activation of pyruvate dehydrogenase can be demonstrated to have an important role as there was increased flow through this step at a time when its substrate, pyruvate, was not increased. Direct demonstration of an increased pyruvate dehydrogenase activity at this time supports this conclusion (Table 3) . In contrast, the intracellular pyruvate content was significantly increased by insulin at the 1.5min interval. This suggests that insulin acceleration of the glucose-transport step was the dominant site ofaction of insulin at this time and is supported by the fact that pyruvate dehydrogenase activity was not yet demonstrably increased (Table 3) .
In summary, intracellular pyruvate contents in epididymal adipose tissue incubated in vitro have been directly determined. These amounts are initially increased by insulin, and also by tetramethyl-pphenylenediamine, whereas they are decreased by alanine. Longer periods of incubation with insulin (20min) result in intracellular pyruvate concentrations approximately equal to the control value. These effects on intracellular pyruvate concentrations are consistent with the actions of insulin, tetramethyl-pphenylenediamine and alanine on rates of fatty acid synthesis and changes in the activity of pyruvate dehydrogenase.
